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I. IWTROOUCTION 

fcliieiooth currently operates in die 2,4 GHz ISM band (£400*2.4835 GHz) and bops over 79 frequencies in the 
United States. The FCC rules mandate that amy system that operate* under FCC regulation 1 5.247 must hop over at 
least 75 frequencies, add must use all the frequencies equally (i,e, the devices must spend the same average amount 
of time at each frequency). Since Bluetooth was designed to operate under 15.247, its hopping pattern is chosen so 
that approximately etiual tim i* spent in cadi of the 79 frequencies. Problems with coexistence can arise when 
other devices share the ISM band such as IEEE 8C2J lb wireless local area networks (WLAN) or microwave ovens. 
Interferers which remain stationary m the ISM band will greatly reduce the throughput of Bluetooth piconcts and/or 
increase the packet error rate (PER) whenever the Bluetooth devices hop into the Interferers frequency bands. As an 
example, a Bluetooth piconst carrying a voice conversation generally neecb a PER of tea* than 1%. If a microwave 
oven is operating near the Bluetooth piconet and occupies a bandwidth of 10 MHz with a 50% duty cycle, then* on 
average 5 frequencies wjU be unusable to the Bluetooth piconet. The PER floor due to interference from the 
microwave oven will be 5/79 « 6%, which will result in poor voice quality. . Thw invention is a way to reduce the 
number of hopping frequencies so that interferers can be avoided. 



IL PRIOR ART 

No known prior art 



HI. NEW INVENTION 

The uew invention is a method where the number of hopping frequencies that are used in a Bluetooth piconet is 
reduced. This allows stationary interferes (in frequency) such as IBKE 802. lib WLAN's or microwave ovens to be 
avoided so that the throughput and PER of Bluetooth piconew can be improved. In the preferred embodiment, the 
master determines which frequency band? contain a strong inter fercr. This determination can be made by a probing 
technique where the Et/(No+U or the RSSI (received signal strength indicator) is measured for each channel. 
Alternatively, the master can limply monitor the PER on each frequency to find which frequencies have a large PER 
and should be avoided. Once the master determines the frequencies co avoid the master can communicate this 
information to enhanced slaves that are capable of supporting reduced hopping sequences (RHS). The master can 
then communicate with the enhanced slaves using RHS, and the master can contrnue to communicate with normal 
Bluetooth staves using the normal Bluetooth hopping sequence. One way of generating the RHS is illustrated in 
Figure 1 . In Figure i , ten frequencies of the normal hopping sequence are designated as & to fs, This figure simply 
illustrates a segment of the hopping sequence to show how the reduced hopping sequence is generated. In this 
exainple t Let £*, f 7 , and r« be three frequencies m the set of frequencies to be avoided. These frequencies are not used 
in the RHS, and instead the previous available frequency in the sequence is substituted for these avoided 
frequencies. In Figure 1, the circles show which frequencies are changed in the RHS. Since f 4 is to be avoided, the 
previous frequency 6 is used instead. Similarly t> arid f 8 ore to be avoided, so U> is used instead. One advantage of 
this method of generating the RHS is that all the remaining frequencies are used equally on average. Another 
advantage in that the difference in the normal hopping sequence and RHS is minimised, which makes it easier for a 
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master to support both normal and enhanced Bluetooth slaves. Other methods of forming the &HS can be used such 
aR a modulo operation where frequencies that ar e to avoidod are mapped into other frequencies. 



Normal Hopping Sequence f 0 ft fi ft f4 fj % ft fa ft 

Reduced Hopping Sequent f 0 fj f z ft^ft fe(S)0ft 



Time 

Figure ( ' Comparison of normal hopping sequence and reduced hopping sequence. 



Systems which use the RHS no longer qualify under FCC regulation 15.247, but they still qualify under 15.7,49. 
Under devices are permitted to transmit an avftra$e power of (0.75 mWXnumber of frequencies used for 

hopping with I MHz oandwidth). If the RHS uses 60 fi^quencies, then the devices can transmit 45 naW or 16.5 
<]Bm. Most current Bluetooth device* are designed to transmit 0 dBm, and the coat of the Bluetooth devices will 
increase wheat the power output is over 10 dBra since an additional power amplifier i* neediid thus, die power 
restrictions under 15.249 should not be a signirfcartt limitation to enhanced Bluetooth devices. 
There arc several ways the master cad choose the reduced hopping sequences- The master can decide individually 
whether or not to use each of the 79 firequencies. The master can then send a pacta with 79 information bits which 
represent the 79 frequent to indicate whether each one is used or not. Alternatively, the master can choose 
whether or not to us© predetermined groups of frequencies. Since IEEE802,! lb devices typteaJIy use one of thrett 
22 MHz band.% the mitotan group frequencies according to the 802.1 ib frequency plan. If an lb network is 
using one or more of thase bands, the master can indicate to the enhanced slave* not to use the affected frequency 
groups. A frequency group for the microwave oven band can also be used. Using predetermined groupings will 
decrease tftfc amount of information thai the master needs to comreunscaas to the enhanced slaves on which 
frequencies to avoid. 



Alternative embodiments 

I) Similar methods can eJso used to reduce che number of frequencies used far the 23-hop sequences used in 
Spam, France, and Japan, 
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